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Volatile Surfactant- Assisted MOCVD: Application to LaAlOs 
Thin-Film Growth** 

By Alexander A. Molodyk, Igor E. Korsakov, Mikhail A Novojilov, Igor E. Graboy, Andrey R. Kaul* and Georg Wahl 

A new approach to the CVD of oxides with kinetically hindered diffusion, called volatile surfactant-assisted (VSA) metal-or- 
ganic chemical vapor deposition (MOCVD), consisting of film deposition in the presence of a volatile low melting point oxide 
(Bi203) has been developed. The process was apphed to the deposition of LaAlOs films, and a model of the process was pro- 
posed. Epitaxial and textured LaAlOa films on various substrates were obtained, both by thermal and VSA MOCVD. A 
marked improvement in crystalline quality and surface morphology was found for the films deposited by VSA MOCVD. 
LaAlOs films obtained in the presence of Bi203 did not contain Bi. A significant increase (up to five times) of the deposition 
rate was observed for LaAlOa films deposited by VSA MOCVD compared with that for the films grown by thermal 
MOCVD. 
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1. Introduction 

The growth of thin films from a gas phase by various de- 
position techniques results in different film morphologies, 
textures, and crystallinity. Crystal growth theories regard 
these properties as being dependent on the interplay of 
condensation rate and diffusion mobility in the growing 
film. When diffusivity in the growing film is not high 
enough to accommodate the flow of the substance coming 
to the substrate from the gas phase, a polycrystalline or 
amorphous film grows instead of an oriented or epitaxial 
one (provided that crystallographic requirements to epi- 
taxy are met). The homologous temperature, which is the 
ratio of deposition temperature to melting temperature 
Tm, can be used as a measure of diffusivity in the growing 
film. The Tamman rule says that diffusion-activated pro- 
cesses in solids become active at temperatures of about 
0.8-0.6 Ttn. At typical deposition temperatures not exceed- 
ing 1000 °C, it is always difficult to obtain films of high crys- 
talline quality for the phases with high melting tempera- 
tures. To solve this problem, diffusion mobility in the 
growing films must be enhanced. 

In some physical vapor deposition (PVD) techniques 
such as pulsed laser deposition, or ion beam or magnetron 
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Sputtering, surface mobihty in the growing films is in- 
creased due to bombardment of the film surface by ener- 
getic particles. Several approaches of non-thermal activa- 
tion, which affect surface mobility and/or process 
chemistry, have been developed for CVD, namely, plas- 
ma-/*^ photo-,^^^ ultraviolet-, and laser-activation,^"^' etc. 
In our recent study,^^' we proposed heterovalent doping, 
creating a high concentration of ion vacancies in the struc- 
ture of the material being deposited, as a way to enhance 
diffusion mobility in the growing film. Both PVD and 
CVD activated processes allow crystalline films to be ob- 
tained at relatively low temperatures. 

Lanthanum aluminate (Tm = 2100 ®C) is an example of a 
phase with almost no diffusion at conventional deposition 
temperatures, but it could have a prospective application as 
a buffer layer for the growth of various perovskite films 
such as high-temperature superconductors, ferroelectrics, 
metal-conducting oxides, and colossal magnetoresistance 
oxides. However, there have been few reports of the suc- 
cessful deposition of LaAlOs films of high crystalline qual- 
ity. The only reports in the literature to date have been of 
epitaxial LaAlOa films grown by pulsed laser deposition 
(PLD),^^'^^ radio frequency (RF) magnetron sputtering,*^^ 
and sol-gel^^^ on perovskite substrates (SrTiOs and LaAlOs 
itself). Attempts to grow LaAlOs on Si, MgO, AI2O3, 
Ce02, and YSZ led to amorphous, or at best polycrystal- 
line, films. ^^''^ Recently, Malandrino et. al. succeeded in ob- 
taining highly (111) oriented LaAIOa films on (OOl)YSZ 
substrates by thermal MOCVD at 1050°C,f^°l as well as 
(001)LaAlO3 films on (001)SrTiO3.^^^' 

We tried to accelerate the diffusion mobility in the 
MOCVD of LaAlOs films by changing the film growth 
mechanism to one close to vapor-liquid-solid. It was ac- 
complished by film deposition in the presence of volatile 
low melting point oxide; in our case bismuth oxide Bi203 
was selected. This approach to diffusion and crystallization 
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enhancement was used for the first time in our previous 
study on the MOCVD of BaTiOa films.^'^' At the first stage 
of this work, the experiments on thermally activated 
MOCVD in the absence of Bi203 were performed in the 
temperature range 800-1050 °C 



2. Results and Discussion 

2.1. LaAlOa Films Deposited Without BiPha: X-ray 
Diffraction Cliaracterization 

LaAlOa films were deposited on a number of substrates 
with different structure types: perovskite type 
(001)NdGaO3, (110)SrTiO3; fluorite type (OOl)YSZ and 
fluorite type buffer layers (001)PrO;c/(001)YSZ and 
(001)CeO2/(lT02)Al2O3; NaCl type (OOl)MgO; and on R- 
sapphire (lT02)Al2O3. Deposition parameters used are 
listed in Table 1. 



Table 1. Parameters of the deposition process. 



I, a.u. 



I. a.u. 



Parameter 



Value 



D^osition temperature [^C] 
Total pressure [mbar] 
Total gas flow [L h~'] 
Partial pressure of O2 [mbar] 

Deposition time [min] 
Solvent consumption [mL h"'] 
Total precursor concentration [mol L'^] 
Evaporation temperature [*C] 



800-1050 
20 
20 
10 
20-30 
20 
0.02 
250 



All films with composition close to the stoichiometry ob- 
tained at 950 **C and higher, on all the substrates used, were 
crystalline. Thus, we succeeded in depositing crystalline 
LaAlOs films not only on perovskite type substrates but 
also on the substrates of other structural types, the films de- 
posited at 1000 °C being epitaxial or highly oriented, as will 
be shown below. The crystalline quality of the films de- 
creased dramatically with even slight deviations of the film 
composition from molar ratio Al/La = 1:1. Off -stoichio- 
metric films were amorphous. At the lower deposition tem- 
perature 900 °C, only LaAlOs films on perovskite type sub- 
strates NdGaOs were found to be crystalline. As-deposited 
amorphous films crystallized over a 2 h annealing period at 
1000 °C, which again indicated low diffusion mobility of 
lanthanum aluminate under the deposition conditions. 

We believe that correct composition of the films and high 
growth temperature allowed us to deposit, for the first 
time, oriented LaA103 films on a number of substrates by 
thermal MOCVD. 
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Fig. 1. XRD data for LaAIOj films deposited at 1000 "C: A) 9-29 scan for 
(001)LaAIO3/(001)NdGaO3. B) <f> scan for (001)LaAIO3/(001)NdGaO3 con- 
firming in-plane alignment. C) 0-20 scan for (lll)LaA103/(001)YSZ. D) <f> 
scan for (lll)LaA103/(001)YSZ, revealing two type in-plane alignment. 
E) 9-29 scan for (111) + (001) La Al 03/(001 )CeO2/(lT02)Al2O3. F) 6-26 scan 
for (001) + (110)LaAiO3/(001)PrO^(001)YSZ. G) 9~2jd scan for (QOl)La- 
AlO3/(001)MgO. H) 4, scan for (001)LaAlO3/(001)MgO. confirming in- 
plane alignment. 



LaAlOa (002) rocking curve full width at half maximum 
(FWHM) value of 0.54^ At 900 °C, crystalline LaAlOs 
films were obtained on NdGa03; moreover, despite low 
XRD peak intensity, the films were highly (00/) textured. 
LaAIOs films grown at 900 °C on the other substrates were 
amorphous. 

We also deposited La AIO3 films on another coherent per- 
ovskite substrate (110)SrTiO3 at 1000 ''C. According to the 
XRD data, (110)LaAlO3/(110)SrTiO3 films were obtained. 

It is not surprising that the best results in the growth of 
perovskite LaA103 films can be obtained on coherent per- 
ovskite substrates, because there is only a slight difference 
in lattice constants, which does not favor epitaxy, whereas, 
in the case of other substrates, the difference in the struc- 
ture of the matching lattices is also very important. 



2.1.1. Perovskite-Type Substrates: NdGaOs and SrTiOs 

Neodymium gallate has a good crystallographic match 
with LaAlOs (mismatch 2.45%). At 1000 we obtained 
high-quality epitaxial (001)LaAlO3/(001)NdGaO3 films as 
indicated by XRD 0-20 and 0 scans (Fig. 1A,B), and the 



2.7.2. Fluorite-Type Substrate: YSZ and Buffer Layers PrO^ 
and Ce02 

Films obtained on (OOl)YSZ at 950 °C were polycrystal- 
line, at 1000 X (lll)-oriented LaA103 films were grown. 
As is seen from the XRD <t> scan (Fig. ID), there are two 



Full Paper 



equivalent in-plane orientations for (lll)LaA103 growth 
on (OOl)YSZ. The following epitaxial relations were estab- 
lished: (lll)LaA103//(001)YSZ, (Tl0)LaAlO3//{100)YSZ; 
and (lll)LaA103//(001)YSZ, (Tl0>LaAlO3//<010>YSZ. 

Matching of oxygen positions in the (OOl)substrate plane 
and the (lll)LaA103 plane is shown schematically in Fig- 
ure 2. Six (100) -type planes of pseudo-cubic lattice give rise 




<100>YSZ 



Fig, 2. Model of oxygen cell lattice matching for (lU)LaA103 and 
(OOl)YSZ planes. Epitaxial relations are as follows: (lll)LaA103// 
(OOl)YSZ, <nO)LaA103//<100)YSZ; (lll)LaAIO3//(001)YSZ, <ri0>LaAIO3// 

<010)YSZ. 

to six symmetrical peaks in the 0 scan with maxima at 
n X 60*". Due to the presence of two epitaxial in-plane vari- 
ants, which can be made coincident by 90° rotation around 
the [OOlJYSZ direction, twelve peaks are present in the re- 
sulting <t) scan (with maxima at n x 60° and « x 60 + 90°). 
The same growth behavior had previously been reported for 
another perovskite-on-fluorite heteroepitaxial pair (lll)Ba- 
TiO3/(001)YSZJ^^^ It is interesting to note that perovskites 
with lattice parameter values between those for LaAlOs (a 
= 3.79 A) and BaTiOa {a = 3.94 A, c = 4.04 A) such as Ca- 
RUO3 and (Lai_^Pr;,)o3Cao.7Mn03,^*^' exhibit different pref- 
erential axial alignment (110)perovskite/(001)YSZ, 

Two types of texture were found in LaAlOs films grown 
on fluorite-type buffer layer CeO2/(lT02)Al2O3. only (000 
and (hhh) reflections were present on 6-26 scans (Fig. IE), 
the latter texture being stronger. Interestingly, (000 ^nd 
(110) two type textured LaAlOs films were obtained on an- 
other fluorite-type buffer layer PrO^/(001)YSZ (Fig. IF). 
A similar result had previously been reported for BaTiOs 
films: (lll)BaTiO3/(001)YSZ, (111) + (OOOBaTiOj/ 
(001)CeO2/(lT02)Al2O3, and (000BariO3/(001)PrOx/ 
(OOl)YSZ oriented films had grown.^^^^ 

2.L3. NaCl Structure Type Substrate: MgO 



We succeeded in depositing (001 )La- 
AlO3/(001)MgO films at temperatures 
not lower than 1000 °C, as illustrated by 
XRD 0-26 and 0 scans (Fig. IG.H). It 
should be noted that (OOl)-oriented 
LaA103 films are very promising as buff- 
er layers for the deposition of various 
perovskite films on MgO substrates. Such 
a buffer layer may change the preferred 
orientation of perovskite growth on 
MgO from polycrystalhne or slightly tex- 
tured to epitaxial. 
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2.1.4. Corundum Structure Type Substrate: 0L-AI2O3 

In the deposition temperature range 950-1000 °C, we ob- 
tained polycrystalhne LaA103 films without any pro- 
nounced texture, which we assume is due to the large struc- 
tural mismatch between these materials. 



2.2. LaAIOa Films Deposited Using VSA MOCVD 

2.2 J. MOCVD ofLaAlOj Films in the Presence ofBiPh^: 
Comparison with Bi-free Depositions 

We estimated the partial pressure of Bi203 in the reactor, 
assuming that the whole amount of BiPh3 precursor re- 
acted in the vicinity of the substrate to produce Bi203. By 
this estimation we got the highest possible value of Bi203 
partial pressure. BiPh3 transport to the reactor was 
achieved with no condensation of bismuth oxide on the 
substrate, i.e., the Bi203 partial pressure was lower than 
the Bi203 equilibrium pressure under the deposition condi- 
tions. In fact, the gaseous phase over condensed Bi203 con- 
tains a number of species: Bi203, Bi, BiO, Bi406, etc.^^'*^ We 
used data from Kazenas and Chizhikov^^"*' for the total 
equilibrium Bi203 pressure, Psatur, and estimated the rel- 
ative partial pressure, = P(Bi203)/Fsatur> for each deposi- 
tion run. 

As expected, energy dispersive X-ray (EDX) and 
Rutherford back-scattering (RBS) analyses detected no 
Bi in LaA103 films deposited in the presence of BiPh3 
(Fig. 3). This correlated with the prediction of thermody- 
namics because the Bi203 partial pressure in the reactor 
was kept below the Bi203 equilibrium pressure. The 
next important result we got was a significant increase 
of the film deposition rate in the presence of BiPh3, 
compared with that for the films deposited without 
BiPhs with the same supersaturation in the reactor. A 
deposition rate increase of up to five times (from 
0.5 h~^ for depositions without BiPh3 to 2-2.5 ^im h"^ 
for depositions in the presence of BiPhs) was observed. 
This approach has great potential in that it achieves high 
deposition rates with minimal consumption of precursors. 



4000 



0.4 



Energy, MeV 
0,6 0,8 1.0 1,2 



1.4 



3 4 
Energy. keV 




300 
Channel 



500 



Fig. 3. EDX and RBS spectra demonstrate the absence of bismuth in the LaAlO3/(001)YSZ films de- 
posited in the presence of BiPhj. 
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More importantly, crystalline quality and surface mor- 
phology were found to improve remarkably for LaAlOs 
films deposited in the presence of BiPhs. Thus, LaAlOa 
films obtained at relatively low temperatures (800- 
900*^0) without BiPhs were amorphous, whereas deposi- 
tion in the presence of BiPhg resulted in crystalline 
films. According to XRD 6-26 and <t> scans, epitaxial 
LaAlOa films at 950-1000 °C were obtained both with 
and without the addition of BiPhs to the starting solu- 
tion. The addition of BiPhs led to a pronounced increase 
in the epitaxial quahty of the films as indicated by 
FWHM values of XRD rocking curves, high-resolution 
electron microscopy (HREM), and atomic force micros- 
copy (AFM) data. Comparison of the results for the 
LaAlOs films, deposited at various BiPha feeding rates, 
demonstrates progressive decrease of FWHM values of 
(002) rocking curves with the increase of Pr value: 0.65°, 
0.52°, and 0.42° at Pr = 0, 0.1, and 0.2, respectively 
(Fig. 4). HREM investigation showed higher mosaicism 
and less perfect interface structure in LaAlOa/NdGaOa 
films grown without BiPha (Fig. 5). AFM also revealed a 
remarkable difference in surface morphology, indicating 
higher surface diffusion of the film components during 
growth in the presence of Bi-containing vapor. The films 
deposited in the presence of BiPhs had smoother sur- 
faces (they were characterized by lower values of root- 
mean-square roughness, see Fig. 6). 

It is worth reiterating that all these results were obtained 
for films deposited in the presence of BiPha at a growth 
rate four to five times higher than that for those deposited 
without BiPha. This fact emphasizes how strongly the diffu- 
sion mobility in the growing film can be accelerated by the 
approach proposed. 
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Fig. 4. XRD rocking curves for (002) reflections of (OOl)LaAlO.V 
(001)NdGaO3 epitaxial films deposited at 950X with (-x-), and withoui 
(-0-) the addition of BiPhs. The FWHM value of the rocking curve of the 
film deposited in the presence of BijOa is notably smaller. 




Fig. 5. HREM images of the interfaces of (001)LaAlO3/(001)NdGaO3 epi- 
taxial films deposited at 950 'C A) without Bi203 and B) in the presence of 
Bi203. 



2.2.2. Proposed Mechanism of Diffusion Mobility 
Enhancement: VSA MOCVD 

The mechanism of diffusion mobihty enhancement in 
MOCVD (in the presence of Bi203 formed from BiPhs) 



B 





1500x1500 nm 



Fig. 6. AFM data on the surface morphology of (001)LaAlO3/(001)NdGaO3 epitaxial fihns deposited at 950 *»C: A) without Bi203, rooi-mean-square 
roughness 5a = 8.8 nm, and B) in the presence of BijOs (Pr = 0.2), So = 5.9 nm. 
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should be clarified. The proposed model of this process is 
shown schematically in Figure 7. 
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Fig. 7. Proposed mechanism of VSA MOCVD. The model involves adsorp- 
tion of the precursors, surface reaction producing oxides, formation of a 
quasiliquid adsorption layer with Bi203, which enhances the crystallization, 
and desoiption of volatile BijOs. 

We assume that BiPhs molecules from the bulk gas flow 
diffuse through the boundary layer and adsorb on the sub- 
strate surface; hence surface reaction takes place, produc- 
ing bismuth oxide. Other MOCVD reaction products are 
being formed from the other precursors at the same time 
(in our case LaAlOs) but, importantly, these condensed 
particles are not yet crystalline. Bismuth oxide has a low 
melting temperature (820 °C) and is known to form low 
melting point eutectics with many oxides. Liquid Bi203 is 
widely used as a solvent for many oxides in crystal growth 
by the flux technique.^^"^^ At the deposition temperatures 
employed in this study, there should be a certain amount of 
hquid phase on the substrate: LaAlOs solution in BiaOs. 
Then, crystallization of LaAlOs occurs from the melt. The 
mobility of the film components is, naturally, much higher 
in the liquid phase than on the solid substrate surface. 
There are numerous examples of crystal growth accelera- 
tion owing to the presence of a liquid, the vapor-liquid-sol- 
id (VLS) technique^^^^ being one of the most prominent 
ones. Consequently, we expected the crystal quality of the 
resulting film to be essentially higher in the case of crystal- 
lization assisted by liquid, and this was clearly confirmed 
by our experimental results. Moreover, the sticking coeffi- 
cient for adsorption of the precursors on the substrate cov- 
ered with liquid should be much higher than that for ad- 
sorption on the solid substrate surface at the same 
precursor concentration in the gas phase. This is the most 
probable explanation of the observed increase of the de- 
position rate in the presence of BiPhs, as in the case of 
VLS (whisker growth). 

Bi203 has a sufficiently high saturation vapor pressure to 
evaporate continuously from the substrate. Because the 
BiaOa partial pressure in the reactor was kept lower than 
the Bi203 equilibrium pressure by feeding in appropriate 
amounts of BiPha precursor, no condensation of bulk liquid 
Bi203 occurs during the deposition. There is a dynamic 
steady state on the substrate: liquid Bi203 forms and 
evaporates continuously. Very similar behavior has been 
described in the literature: under appropriate conditions, 
self-limiting incorporation of Bi during deposition of Bi- 
containing ferroelectric Bi4Ti30i2/*^^ and superconductor 



Bi2Sr2CuO^^^^^ films occurred. That is, no extra stoichio- 
metric Bi deposited (despite a large extra flux of Bi) be- 
cause the partial pressure of corresponding Bi-containing 
particles in vapor was kept higher than their equilibrium 
pressure over the film compounds, and lower than that over 
pure Bi or Bi203. 

Thus, we believe it is more correct to speak about a more 
or less thick quasiliquid Bi203 surface adsorption layer, 
than about a bulk amount of liquid. This adsorption layer 
can "dissolve" LaAlOs to some extent, making its diffusion 
mobility much higher, which improves the crystal quality of 
the film. Additionally, continuous evaporation of Bi203 
from the substrate provides supersaturation of the adsorp- 
tion layer with the dissolved film components necessary for 
their crystallization. 

The approach that we propose seems to resemble surfac- 
tant mediated layer-by-layer growth in the molecular beam 
epitaxy (MBE) of semiconductors and metals.^^***^^ The 
term "surfactant" is used here in a rather broad sense to 
denote a surface impurity substance that is added in 
amounts not exceeding one monolayer, and promotes 
layer-by-layer growth under conditions at which island 
homo- or heteroepitaxial growth usually occurs. A good 
surfactant must float on the surface of the growing film 
without being incorporated, and must not form a separate 
phase. These conditions are met when the effective bond 
strengths satisfy the inequalities Va-a > Ka-s » ^s-s, 
where A and S are adatoms of the growing substance and 
the surfactant atoms, respectively.^^®^ Although the mecha- 
nisms of surfactant-mediated epitaxy and the approach to 
MOCVD proposed by us can be essentially different, we 
believe the criteria of applicability for volatile low melting 
point oxides should be almost the same as those for surfac- 
tants; therefore, we decided to use the term "surfactant" 
(in an analogous, broad sense) to denote volatile low melt- 
ing point oxides in our approach. 

We proposed the term volatile surfactant-assisted 
MOCVD (VSA MOCVD) for this version. The crystal 
growth mechanism in VSA MOCVD has obviously many 
common features with VLS and flux techniques. Conse- 
quently, the main approaches and considerations devel- 
oped for these techniques^^^'^^^ may be useful also in VSA 
MOCVD. On the other hand, there are some clear distinc- 
tions. First, in VSA MOCVD, there is no bulk liquid phase, 
which makes it possible for Bi203 to cover the entire sub- 
strate surface uniformly without combining in separate 
droplets, as in VLS. Second, liquid surfactant Bi203 is pro- 
duced on the substrate in situ, not the case in the aforemen- 
tioned techniques. It enhances the crystallization, making 
the film components more mobile, and leaves the substrate 
completely by the end of the process. 

There is a limitation to the proposed approach that 
should be mentioned here: the volatile surfactant chosen 
should not form stable compounds, or an extended solid so- 
lution range, with the components of the film to be ob- 
tained (this is e;cpressed by Va-a > ^a-s)- In this work. 
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from a number of volatile low melting point oxides, we 

chose bismuth oxide; however, there are possible surfac- 
tants that might prove interesting, such as PbO, M0O3, 
TI2O, etc. It is also interesting to try combinations of oxides 
(e.g., PbO + Bi203), like the complex solvents in the flux 
technique. 

3. Conclusions 

We have developed volatile surfactant-assisted MOCVD, 
a new approach to the CVD of oxide films with kinetically 
hindered diffusion, first proposed in our previous work.^^^^ 
The approach involves film deposition in the presence of a 
volatile low melting point oxide, in our case Bi203 was se- 
lected. The process was applied to the deposition of La- 
AIO3 films, and a model of the process was proposed. 

We succeeded in the deposition of epitaxial and textured 
LaAlOs films on various substrate materials, both by ther- 
mal and VS A versions of MOCVD. The following axial ori- 
entations were found in the films: (001)LaAlO3// 
(001)NdGaO3; ((X)l)LaAlO3//(001)MgO; polycrystalline 
LaAIO3/(lT02)Al2O3; (lll)LaAIO3//(001)YSZ; (111) + 
(001)LaAlO3//(001)CeO2/(lT02)Al2O3; (001) + (llO)La- 
AlO3//(001)PrO;c/(001)YSZ. 

The crystalline quality and surface morphology were 
found to improve remarkably for the films deposited in the 
presence of Bi203, compared with those grown without 
Bi203. According to EDX and RBS analysis, LaA103 films 
obtained in the presence of Bi203 did not contain Bi. Sig- 
nificant increase (up to five times) of the film deposition 
rate was observed for LaAlOa films deposited in the pres- 
ence of Bi203, compared with that for the films grown 
without Bi203. 

The experimental results obtained thus far are in good 
agreement with the proposed VSA MOCVD mechanism 
although they cannot be considered to be final confirma- 
tion since further study of the mechanism, using direct ob- 
servation, is necessary. On the other hand, we believe that 
VSA MOCVD shows potential as a method of obtaining 
various oxide films. Judging by the results obtained, VSA 
MOCVD is a promising method of depositing high-quality 
epitaxial films, crystalline films of the phases with kineti- 
cally hindered diffusion, and growing films and coatings at 
high deposition rates. 

4. Experimental 

Film depositions were carried out with a single aerosol source MOCVD 
setup, described in detail elsewhere [21], which has been used to deposit var- 
ious oxide films such as YBa2Cu307-y, Bi2Sr2CaCu20, [21J, (Lai^Pr,)o.7- 
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CaojMnOs [13], Lai.^r^CoOa [22], and BaTiOj [12]. BrieHy, a solution of 
the precursors is nebulized ullrasonicaHy and the aerosol thus produced 
flows with the Ar carrier gas into a heated tube where evaporaiion of the 
solvent and precursors takes place. The vapor is iransporled through heated 
lines by Ar flow into the vertical cold wall reactor. A solution of La(ihd)3, 
Al(thd)3, and, in some experiments, BiPha precursors in diglyme was used. 
In order to avoid ligand exchange with BiPha, 3 vol.-% Hthd was added in 
the starting solution [12]. 

The films were characterized by XRD 0-20 and <j> scans, and rocking 
curve and pole figure measurements performed with a Siemens D5000 four 
circle diffractometer with a secondary graphite monochromator (Cu Ka ra- 
diation). Rim microstructure and composition were studied using a CAMS- 
CAN scanning electron microscope equipped with an EDAX system for 
quantitative analysis. RBS spectroscopy (Van der Graaf accelerator, 
1.5 MeV He^ ions) was used to analyze traces of the surfactant in the films, 
film thickness, and composition. IVansmission electron microscopy was per- 
formed with a Philips CM30ST electron microscope operating at 300 kV and 
equipped with a field emission gun and side-entry ±25** tilt specimen holder. 
The film thickness was also measured using an alpha-step 200 profilomeier 
(Tencor Instruments) and estimated from EDX spectra. The surface mor- 
phology was studied using AFM (P4-SPM-MDT. Nanoiechnology MDT 
Inc., Russia). 
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